Among the mechanisms regulating the renal tubular transport of electrolytes the renal circulation plays an important but as yet imperfectly understood role. An interrelation between renal hemodynamics and sodium reabsorption has been demonstrated (2) in a variety of experimental circumstances associated with renal vasoconstriction (infusions of adrenal medullary hormones [3] , neosynephrine [4] , and other drugs [5] ; during orthostasis [4] , hemorrhage [6] ). Whether such an interrelation exists during renal hyperemia is, however, not known. The present study was undertaken in order to examine this problem further. For this purpose a study was made of urinary sodium and potassium excretion during the pyrogenic reaction, a physiologic alteration accompanied by both renal vasoconstriction and vasodilatation (7).
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METHOD
Thirty-two studies were made in 27 convalescent adult male subjects. All subjects were free from cardiovascular or renal disease, none was recovering from a febrile disorder, and all were maintained on a normal hospital diet containing approximately 10 grams of sodium chloride a day. All studies were made in fasting, recumbent subjects during the morning hours, from approximately 8 A.M. until noon, or later as noted.
The effects of the pyrogenic reaction were examined in 16 subjects. In eleven of these studies the clearances of inulin, PAH, sodium and potassium were determined before and following administration of typhoid-paratyphoid vaccine. All 11 subjects were given 500 ml. of water by mouth one-half to one hour prior to the test and received an infusion of 5 per cent dextrose in water intravenously at a rate of 5 ml. per minute throughout the 1A preliminary report of this study has appeared in abstract form (1) . 2 Supported by grants from The American Heart Association and the Greenwich Health Association and the National Heart Institute, National Institutes of Health, Public Health Service. In five subjects the effects of the pyrogenic reaction on sodium and potassium excretion were observed over a five-hour period and measurements of renal hemodynamics were not made. These subjects ingested 500 ml. of water one-half to one hour prior to the test and approximately 100 to 200 ml. every hour thereafter in order to maintain an adequate urine flow. No intravenous fluids were given. Urine was collected every hour by spontaneous voiding which usually required that the subject stand briefly by the side of the bed. Typhoidparatyphoid vaccine (75,000,000 organisms) was administered intravenously at the end of the first hourly collection period. All five subjects were premedicated with Aminopyrine.
Control observations of urinary sodium and potassium excretion were made in 16 studies under conditions similar to those employed in the experimental (pyrogen) studies except that typhoid vaccine was not administered. None of these subjects received Aminopyrine.
In all studies the body temperature was measured orally and the cardiac rate and arterial blood pressure (sphygmomanometer) were determined at frequent intervals. Sodium and potassium content of urine and plasma were determined by an internal standard flame photometer. Inulin was determined by the method of Harrison (8) and PAH by the method of Smith, Finkelstein, Aliminosa, Crawford, and Graber (9) .
RESULTS

Body temperature and subjective response
In eleven of thirteen subjects premedicated with Aminopyrine the body temperature remained normal following the injection of typhoid vaccine (Tables I and II (10, 11) . Renal plasma (Table I ). These subjects complained of head-flow (PAH clearance) increased (on the average, ache, backache and malaise at the time of the chill. 40 per cent) one and one-half to two hours fol-
The arterial blood pressure increased 5-10/ lowing administration of typhoid vaccine in all 5-10 mm. Hg in most subjects, along with an ac-eleven subjects in whom renal hemodynamics were celeration of cardiac rate (10 to 20 beats per min-studied (Table I) . Glomerular filtration rate ute), during the initial phase of the pyrogenic re-(inulin clearance) did not change from resting action (one to two hours) and remained elevated values during hyperemia7 (except in A. R. in whom throughout the study (Table I) .
there was a slight decrement and in E. V. in whom Table I. ministration of the vaccine, at the time of renal hyperemia, sodium output did not change consistently. The mean excretion at this time exceeded resting levels (by more than 10 per cent) in 10 of 16 subjects and was less than or equal to these values in the remainder. The mean change for the entire group of 16 subjects during the third hour 4 was not significant when compared to resting values (t = 1.55; < .50 > .10) or when compared to the mean spontaneous changes observed over a similar time interval in control subjects (t = 0.88; p < .50 > .10) (Table III) . No difference was noted between febrile and afebrile subjects. The sodium content of plasma did not change significantly (t = 1.64; p < .50 > .10) (Table III) .
Potassium excretion decreased (20 to 46 per cent) one to two hours following administration of typhoid vaccine in nine of eleven subjects in whom renal hemodynamics were measured (UkV, Table I ). Potassium output increased in J. McN. and remained unchanged in S. P. at this time. Although the reduction in potassium excretion was usually accompanied by intrarenal vasoconstriction, this change occurred independently of alterations in glomerular filtration rate and in one instance (G. P.) occurred in the absence of a change in renal plasma flow. During hyperemia potassium output remained essentially constant except in J. P., in whom the excretion of this ion in-creased and in S. P. and G. R., in whom it diminished. A similar response was observed in five subjects in whom renal hemodynamics were not studied (Table II) . Potassium output fell in three (H. H., D. B., and L. G.) of these subjects, remained unchanged in one (F. W.) and increased in one (W. L.) during the first two to three hours following administration of the vaccine. During the fourth and fifth hours the urinary excretion of this ion increased above resting levels in four of five studies. No difference was observed between febrile and afebrile subjects in either group of subjects.
The mean reduction in potassium output from resting levels in all 16 subjects during the first one to two hours of the pyrogenic reaction was of borderline significance (t = 2.70; p < .02 > .01). This change was not significant when compared to the control group (t = 1.53; p < .50 > .10).
During hyperemia the mean potassium output did not differ significantly from resting levels (t = 2.01; p < .10 > .05) (Table III) , nor was the mean difference significant when compared to spontaneous changes observed in control subjects (t = 1.53; p < .50 > .10) ( Table III) .
The concentration of potassium in plasma decreased during the pyrogenic reaction in 8 of 14 subjects (plasma electrolytes were not measured in two). In the remainder no change was noted.
The mean reduction for all 14 subjects, 0.35,uEq.
per L. (range, 0 to 0.80 ,uEq. per L.), was significant when compared with resting levels (t = 7.0; p < .01) (Table III) , but not when compared with the mean spontaneous change in control subjects studied during a simliar interval of time (t = 1.97; p < .10 > .05) (Table III) . DISCUSSION In the present study no definite interrelation was demonstrated between urinary electrolyte excretion and the renal circulatory adjustments attending the pyrogenic reaction. During the initial vasoconstrictive phase of this reaction, when renal plasma flow and glomerular filtration rate were transiently reduced, sodium and potassium output were not altered systematically, nor was there a significant change in the excretion of these ions during the later and more sustained phase of intrarenal hyperemia.
Previous evidence of a relationship between renal hemodynamics and urinary sodium excretion has been obtained in a variety of experimental and clinical conditions which have in common intrarenal vasoconstriction (2, 4, 5). The mechanism by which sodium excretion is reduced under these conditions is not clear but changes in glomerular filtration rate (2, 7) and perhaps in the intrarenal distribution of blood (6) (13) .
Although alterations in renal hemodynamics
did not affect electrolyte excretion in the present study, the reduction in glomerular filtration rate during the vasoconstrictive phase of the pyrogenic reaction appeared to initiate a fall in urine volume, as has been demonstrated previously in man (7) , and the urine became more concentrated with respect to sodium and potassium ions. That factors other than a change in filtration contributed to the reduced urine output is suggested by the fact that, once initiated, the antidiuresis tended to persist despite a return of glomerular filtration rate to control levels. These observations differ from those reported recently by Brandt, Ruskin, Zumoff, Castleman, and Zuckerman (14) who describe an increase in the free water clearance of dogs following administration of a bacterial pyrogen derived from pseudomonas.
SUMMARY
A study was made of the effect of the pyrogenic reaction as elicited by triple typhoid vaccine on the urinary excretion of sodium and potassium in 16 normal human subjects. No systematic change in the excretion of these ions was observed in febrile or afebrile subjects during either the early, transient period of renal vasoconstriction or the late, sustained period of renal hyperemia. A reduction in urine volume occurred during the vasoconstrictive phase in association with a decrement in glomerular filtration rate and the urine became more concentrated with respect to sodium and potassium ions.
